Flap endonuclease 1 (FEN1) is a structure-specific nuclease that removes 5 0 -overhanging flaps in DNA repair and removes the RNA/DNA primer during maturation of the Okazaki fragment in lagging-strand DNA replication. FEN1 from the hyperthermophilic archaeon Desulfurococcus amylolyticus was expressed in Escherichia coli, purified and crystallized using the sitting-drop vapour-diffusion method with monoammonium dihydrogen phosphate as the precipitant at pH 8.3. X-ray diffraction data were collected to 2.00 Å resolution. The space group of the crystal was determined as the primitive hexagonal space group P321, with unit-cell parameters a = b = 103.76, c = 84.58 Å . The crystal contained one molecule in the asymmetric unit. crystallization communications Acta Cryst. (2009). F65, 923-925 Mase et al. Flap endonuclease 1 925
Introduction
Flap endonuclease 1 (FEN1) is an enzyme that possesses 5 0 -flap endonuclease and 5 0 -3 0 exonuclease activity (Harrington & Lieber, 1994) . FEN1 plays an important role in DNA replication, long-patch base-excision repair and homologous recombination (Murante et al., 1995) . In DNA repair, it removes the 5 0 -overhanging flap to eliminate damaged-fragment excision and recombinational mismatch correction (Johnson et al., 1995; Klungland & Lindahl, 1997) . In laggingstrand DNA replication, FEN1 removes the RNA/DNA primer during maturation of the Okazaki fragment (Goulian et al., 1990; Liu et al., 2004) . FEN1 specifically recognizes the backbone of a 5 0 singlestranded flap strand and tracks down this arm to the cleavage site, which is located at the junction where the two strands of duplex DNA adjoin the single-stranded arm (Hwang et al., 1998; Murante et al., 1994; Hosfield et al., 1998; Lieber, 1997) . Because FEN1 is a key enzyme for maintaining genetic stability, mutations in FEN1 may give rise to a number of genetic diseases, including several ataxias, fragile X syndrome and cancer (Tishkoff et al., 1997; Freudenreich et al., 1998; Schweitzer & Livingston, 1998) .
The FEN1 family is conserved in sequence and structure from bacteriophages to humans. In addition to the molecular structures of FEN1 proteins from humans and some archaea (Hwang et al., 1998; Hosfield et al., 1998; Chapados et al., 2004; Sakurai et al., 2005) , the structures of the FEN1-family members T5 exonuclease, T4 RNase H and the exonuclease domain of Taq polymerase have also been reported (Ceska et al., 1996; Mueser et al., 1996; Devos et al., 2007; Kim et al., 1995) . Desulfurococcus amylolyticus (strain Z533) is a hyperthermophilic and obligate anaerobic archaeon. This strain grows within the pH range 5.7-7.5, with an optimum pH of 6.4, and at temperatures of between 341 and 370 K, with an optimum temperature range of 363-365 K (Kil et al., 2000) . The proteins from this organism are suitable for the determination of structures by X-ray crystallography owing to their high thermostability. To develop an understanding of the structural basis of the DNA recognition, binding and cleavage mechanism of FEN1, we have crystallized and performed preliminary X-ray diffraction analysis of FEN1 from D. amylolyticus (DaFEN1).
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Expression and purification
The gene fragment of DaFEN1 was amplified from the genomic DNA of D. amylolyticus by PCR using the preliminary results of genomic analysis of this organism. The amplified fragment was cloned into the NdeI/NotI site of pET21a. The plasmid possessing the DaFEN1 gene was transformed into Escherichia coli Rosetta (DE3) for protein expression. The transformants were cultivated at 310 K in LB medium containing 100 mg ml À1 ampicillin. Overexpression was induced by adding 1.0 mM isopropyl -d-1-thiogalactopyranoside (IPTG) when the optical density at 600 nm reached 0.6 and the culture was continued overnight at 298 K. The cells were harvested by centrifugation at 5000g at 277 K for 10 min and were resuspended in 50 mM Tris-HCl pH 8.0. The cells were disrupted by sonication. After centrifugation at 40 000g at 277 K for 30 min, the supernatant was incubated at 353 K for 30 min and the supernatant after centrifugation at 40 000g at 277 K for 30 min was applied onto DEAE-Sepharose (GE Healthcare). The unbound fraction was collected and concentrated with 3.3 M ammonium sulfate. The precipitate was dissolved in 20 mM Tris-HCl pH 8.0 and dialyzed against the same buffer. As the final purification step, anion-exchange chromatography was performed with a Resource Q 6 ml (GE Healthcare) column equilibrated with 20 mM Tris-HCl pH 8.0 and the protein was eluted with a 0-1 M NaCl gradient. The purified protein was dialyzed against 10 mM Tris-HCl pH 8.0 and concentrated to 10 mg ml À1 .
Crystallization
Crystallization experiments were performed at 293 K by the sitting-drop vapour-diffusion method. The drops were formed by mixing 1.5 ml protein solution with 1.5 ml reservoir solution. Initial screening was performed using Crystal Screen HT (Hampton Research). Crystals of the protein appeared in the reservoir solution containing 0.1 M Tris-HCl pH 8.5 and 2.0 M ammonium dihydrogen phosphate. After the crystallization conditions had been refined, crystals suitable for X-ray analysis were obtained with the reservoir solution: 0.1 M Tris-HCl pH 8.3 and 1.98 M ammonium dihydrogen phosphate (Fig. 1) .
X-ray data collection and processing
A crystal of DaFEN1 was picked up in a nylon loop (Hampton Research), transferred to a reservoir solution containing 25% ethy-lene glycol and flash-cooled in a nitrogen stream (95 K). X-ray diffraction data were collected on beamline BL-5A at the Photon Factory, Tsukuba, Japan. The wavelength was set to 1.00000 Å and the distance between the crystal and the detector was 284.3 mm. The crystal diffracted X-rays to 2.00 Å resolution (Fig. 2) . The diffraction data were indexed, integrated and scaled using XDS (Kabsch, 1993) . Image of a typical DaFEN1 crystal. The approximate dimensions of the crystal are 0.22 Â 0.10 Â 0.10 mm.
Figure 2
An X-ray diffraction image of a typical crystal. The edge of the detector corresponds to a resolution of 2.00 Å . solvent content of 61.8% (Matthews, 1968) . The data-collection statistics are shown in Table 1 . Structure determination by molecular replacement using the coordinates of FEN1 from Pyrococcus horikoshii (PDB code 1mc8; Matsui et al., 2002) as a search model is under way.
